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   ART ICLE      Trends in Infl ammatory Breast Carcinoma Incidence 
and Survival: The Surveillance, Epidemiology, and End 
Results Program at the National Cancer Institute  
    Kenneth W.     Hance   ,    William F.     Anderson   ,    Susan S.     Devesa   ,    Heather A.     Young   , 
   Paul H.     Levine    

    Background:  Infl ammatory breast carcinoma (IBC) appears 
to be a clinicopathologic entity distinct from noninfl amma-
tory locally advanced breast cancer (LABC). We examined 
incidence and survival trends for IBC in Surveillance, Epide-
miology, and End Results (SEER) Program data with a case 
defi nition designed to capture many of its unique clinical and 
pathologic characteristics.  Methods:  We analyzed breast 
 cancer cases diagnosed in the SEER 9 Registries ( n  = 180   224), 
between 1988 and 2000. Breast cancer cases were categorized 
 using SEER’s  “ Extent of Disease ”  codes in combination with 
International Classifi cation of Diseases for Oncology mor-
phology code 8530/3 and classifi ed as IBC ( n  = 3648), LABC 
( n  = 3636), and non-T4 breast cancer ( n  = 172   940). We com-
pared changes in incidence rates over 3-year intervals by 
breast cancer subtype and race using SEER*Stat. Survival 
differences by breast cancer subtype and race were assessed 
using Kaplan – Meier curves and log-rank statistics. All statis-
tical tests were two-sided.  Results:  Between 1988 and 1990 
and 1997 and 1999, IBC incidence rates (per 100   000 woman-
years) increased from 2.0 to 2.5 ( P <.001), whereas those for 
LABC declined (2.5 to 2.0,  P  = .0025), as did those for non-T4 
breast cancer (108 to 101,  P  = .0084). IBC incidence rates 
were statistically signifi cantly higher in black women (3.1) 
than in white women (2.2) during the study period ( P <.001). 
Women diagnosed with IBC had statistically signifi cantly 
poorer survival than women with either LABC or non-T4 
breast cancer (log-rank test,  P <.001). Median survival of 
women with IBC (2.9 years) was statistically signifi cantly 
shorter than that of women with LABC (6.4 years;  P <.0001) 
or non-T4 breast cancer (>10 years,  P <.0001). Black women 
with IBC or LABC had poorer survival than white women 
with IBC or LABC, respectively (log-rank test,  P <.001). 
  Conclusions:  Throughout the 1990s, IBC incidence rose, and 
survival improved modestly. Substantial racial differences 
were noted in age at diagnosis, age-specifi c incidence rates, 
and survival outcomes. [J Natl Cancer Inst 2005;97:966 – 75]  

     Infl ammatory breast carcinoma (IBC) appears to be a rela-
tively rare form of breast cancer with distinct clinicopathologic 
features  ( 1  –  4 ) . It is characterized by an early age at diagnosis, 
poor nuclear grade, negative hormone receptor status, and poor 
survival outcome. Although IBC is readily distinguishable from 
most forms of breast cancer, it can be confused with noninfl am-
matory locally advanced breast cancer (LABC). Consistent with 
Haagensen’s original description of IBC  ( 3 ) , the American Joint 
Committee on Cancer (AJCC) provides the current gold standard 
defi nition for this form of breast cancer, describing it as a clinico-
pathologic entity that is characterized by diffuse erythema and 

edema (peau d’orange), often without an underlying palpable 
mass  ( 5 ) . The clinical presentation of IBC is due to tumor emboli 
within dermal lymphatic vessels, which may or may not be pres-
ent on skin biopsy. Therefore, the AJCC relies on the clinical 
features of IBC and considers the pathologic features to be sup-
portive of, but not necessary for, diagnosis. Some investigators 
 ( 6  –  8 )  have classifi ed IBC into three separate groups: 1) IBC cases 
with clinical features only, 2) IBC cases with clinical and patho-
logic features, and 3) IBC cases with pathologic features only. 
However, none of these defi nitions appears to capture all of the 
unique clinical and/or pathologic characteristics of the disease.  

  Possibly because of varying case defi nitions, population-based 
estimates for IBC incidence range widely, from <1% to 10%. For 
example, using codes from the Surveillance, Epidemiology, and 
End Results (SEER) Program, Levine et al.  ( 6 )  noted IBC inci-
dence rates of 6% and 10% among white and black women, re-
spectively; however, the codes may have included LABC cases, 
infl ating the IBC incidence estimates. Using a more conservative 
defi nition for IBC in SEER, the International Classifi cation of 
Diseases for Oncology (ICD-O-2) morphology code 8530/3, 
Chang et al.  ( 9 )  reported much lower incidence rates of 0.5% 
and 0.7% in white and black women, respectively. More recent 
 population-based studies using clinical and pathologic  ( 4 )  or 
pathologic only  ( 10 , 11 )  case defi nitions suggest that 1.0% – 1.3% 
of all incident breast carcinomas in women are IBC.  

  In a previous study, we evaluated age-specifi c incidence rate 
patterns and survival outcome in both IBC and LABC patients; 
however, temporal trends were not examined and a less compre-
hensive SEER-based defi nition for IBC was employed  ( 4 ) . We 
recently reported comparisons of age-specifi c incidence rate 
 patterns for seven different histopathologic types of breast carci-
noma including IBC; however, survival outcomes and temporal 
trends were not reported, and a conservative case defi nition for 
IBC (ICD-O-2 8530/3) was used for the purposes of comparison 
 ( 10 ) . Thus, the primary purpose of this study was to determine 
the true population-based incidence of IBC. An additional goal 
was to evaluate changes in IBC incidence and survival over time, 
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particularly by race. To examine these questions, we used a com-
prehensive defi nition designed to capture all of the clinically and/
or pathologically defi ned IBC cases diagnosed in the National 
Cancer Institute’s SEER Program.  

   S UBJECTS AND  M ETHODS   

   Data Source  

  We examined the publicly available records of the nine 
 population-based registries in the SEER 9 Registries database 
(November 2002 submission)  ( 12 ) . The registries are located in 
San Francisco-Oakland, Metropolitan Detroit, Seattle (Puget 
Sound), Metropolitan Atlanta, Connecticut, Hawaii, Iowa, New 
Mexico, and Utah. Through these nine registries, SEER provides 
information on patient demographics and tumor characteristics 
of newly diagnosed malignancies for approximately 10% of the 
U.S.  population.  

    SEER Case Defi nition and Selection  

  The SEER database provides modifi ed AJCC staging informa-
tion for breast cancer cases, which does not include tumor desig-
nations that distinguish between IBC and LABC cases. However, 
SEER’s  “ Extent of Disease – Extent ”  (EOD-E) codes do provide 
tumor defi nitions similar to those of the AJCC  ( 13 )  that can be 
used to uniquely defi ne LABC and IBC cases ( Table 1 ).  

  For this study, we used the EOD codes for tumor extension 
(EOD-E 70) and tumor size (EOD-S 998) in combination with 
ICD-O-2 morphology code 8530/3 (i.e., embolization of the der-
mal lymphatic vessels)  ( 14 )  to defi ne total IBC cases and clinical 
and/or pathologic subgroups of IBC. We defi ned total IBC as all 
cases with either clinical or pathologic features of IBC (EOD-E 
70 or EOD-S 998 or ICD-O-2 8530/3), ClinPath IBC as cases 
with both clinical and pathologic features of IBC ([EOD-E 70 
and/or EOD-S 998] + ICD-O-2 8530/3), PathOnly IBC as cases 
with pathologic features of IBC (ICD-O-2 8530/3), and ClinOnly 
IBC as cases with clinical features of IBC (EOD-E 70 and/or 
EOD-S 998).  

    Study Variables  

  The primary endpoints of this study were incidence rates 
and survival stratifi ed by patient demographic characteristics and 
 incident tumor characteristics. Patient demographics  included 
age at diagnosis (<50, 50 – 59, 60 – 69, 70 – 79, or 80+ years), race 

(whites, blacks, or other), and a surrogate endpoint for  menopausal 
status of 50 years of age. Morabia and Flandre  ( 15 )   reported 
that 50 years of age is an appropriate surrogate for menopausal 
status when information about menstrual history is not available. 
Moreover, recent population-based studies of age-specifi c inci-
dence rate patterns for IBC and other histopathologic subtypes of 
breast cancer used 50 years of age as a surrogate for menopausal 
status  ( 4 , 10 ) .  

  Tumor characteristics included tumor size ( ≤ 2 cm versus 
>2 cm), axillary lymph node status (lymph node positive versus 
negative), estrogen receptor (ER) and progesterone receptor 
(PgR) expression (positive versus negative), and tumor grade. 
The variable for tumor size was dichotomized to approximate the 
AJCC criteria for T1 tumors ( ≤ 2 cm)  ( 5 ) . Grade was defi ned ac-
cording to ICD-O-2 coding conventions  ( 14 ) ; histologic nuclear 
grades 1 (well-differentiated) and 2 (moderately differentiated) 
were  defi ned as low-grade tumors, and histologic nuclear grades 
3 (poorly differentiated) and 4 (undifferentiated) were defi ned as 
high-grade tumors. Data for patient demographics and/or tumor 
characteristics that were missing or coded as  “ other or unknown ”  
were not included in this analysis.  

    Statistical Analysis  

  The SEER 9 Registries database was accessed in ASCII 
 format and analyzed with the SAS statistical software package 
(SAS for Windows Version 8.2, SAS Institute Inc., Cary, NC). 
The National Cancer Institute’s SEER*Stat software package 
version 5.0.20 was used to calculate incidence rates, 95% 
 confi dence intervals (CIs)  estimated by the gamma method, 
 cumulative relative survival, and median survival time. Inci-
dence rates were expressed per 100   000 woman-years and were 
age-adjusted by the direct method to the 2000 U.S. standard 
pop ulation  ( 16 ) . Rate ratios (RRs) were calculated by divid   ing 
the age-adjusted breast cancer incidence rate in women with a 
 high-risk prognostic factor by the incidence rate in women 
with the corresponding low-risk prognostic factor. Low-risk 
prognostic factors were assigned a rate ratio of 1.0 and served 
as the reference group. Differences in the rate ratios for patient 
demographics and tumor characteristics were evaluated using 
95% confi dence limits that were calculated as previously 
 described  ( 17 , 18 ) .  

  To characterize the age distribution of cases in each breast can-
cer subtype, continuous 1-year age frequency distributions were 
constructed using density plots as previously described  ( 19 , 20 ) . 
Briefl y, age frequency distributions were constructed  using a 

    Table 1.       Classifi cation of breast cancer subtypes by AJCC and SEER EOD staging *    

    Breast cancer subtype   AJCC   EOD   Defi nition  †      

  Non-T4   T1-3   EOD-E 10    “ Confi ned to breast tissue and fat including nipple and/or areola ”   
  LABC   T4a   EOD-E 40    “ Invasion of (or fi xation to) chest wall, ribs, intercostals, or serratus anterior muscles ”   
     T4b   EOD-E 50    “ Extensive skin involvement: skin edema, peau d’orange,  ‘ pigskin, ’  en cuirasse, lenticular 
      nodule(s), infl ammation of the skin, erythema, ulceration of skin of breast, satellite 
      nodules(s) in skin of primary breast ”   
     T4c   EOD-E 60   EOD-E 60 includes EOD-E 40 and EOD-E 50. T4c includes AJCC categories T4a and T4b  
  IBC   T4d   EOD-E 70    “ Infl ammatory carcinoma, including diffuse (beyond that directly overlying the tumor)  
      dermal lymphatic permeation or infi ltration ”   
      N/A   EOD-S 998    “ Diffuse; widespread: ¾’s or more of breast; infl ammatory carcinoma ”     

   *  AJCC = American Joint Committee on Cancer; SEER, Surveillance, Epidemiology, and End Results; EOD = extent of disease; EOD-E = extent of disease-
 extension; EOD-S = extent of disease-size; LABC = locally advanced breast cancer; IBC = infl ammatory breast cancer; N/A = not applicable. 

    †   Quotations are from Green et al.  ( 5 ) .   
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smoothing function with a fi lter width of 20; the vertical axis of 
each density plot represented the smoothed estimates of the pro-
portion or density (where density × 100 = percent) of  patients who 
developed breast cancer at the corresponding age at diagnosis on 
the horizontal axis. The area under the curve of each age density 
histogram included 100% of all breast cancer cases. Kolmogorov  –
 Smirnov (KS) statistics defi ne the maximum  difference in the 
 cumulative proportions of two nonparametric distributions  ( 19 ) . 
In this study, KS statistics were used to test for statistically sig-
nifi cant differences in the age frequency distributions of IBC 
 patients stratifi ed by race and ER receptor status  ( 21 ) .  

  Differences in the mean age at diagnosis by breast cancer 
 subtype were evaluated using one-way analysis of variance and 
the Student’s t test  ( 22 ) . The Mantel – Haenszel chi-square test of 
trend statistic  ( 16 )  was used to evaluate temporal trends in the 
age-adjusted incidence rates of each breast cancer subtype across 
3-year intervals from 1988 through 1999. Age density histo-
grams, age-specifi c incidence rate curves, and cumulative sur-
vival data were plotted using the S-Plus 6.0 software package 
(Insightful Corporation, Seattle, WA).  

  Cumulative relative survival was defi ned as breast cancer –
 specifi c survival corrected for corresponding national mortality 
rates  ( 23 ) . Kaplan – Meier product-limit curves  ( 24 )  and log-rank 
tests  ( 25 )  were used to evaluate differences in overall and breast 
cancer – specifi c survival by breast cancer subtype. In all  statistical 

tests,  P <.05 was considered to be statistically signifi cant. All 
 statistical tests were two-sided.  

     R ESULTS   

  Of all microscopically confi rmed malignancies of the breast 
included in the SEER 9 Registries database between 1988 and 
2000 ( N  = 180   224), total IBC comprised approximately 2.0% 
( N  = 3648). The mean age at diagnosis (years ± standard devia-
tion) was statistically signifi cantly different for IBC patients 
(58.8 ± 14.8) as compared with non-T4 (61.7 ± 14.4;  P <.0001) 
and LABC (66.2 ± 15.7;  P <.0001) patients. As shown in  Table 2 , 
the median age at diagnosis was older for patients with non-T4 
breast cancer (63 years, interquartile range [IQR] = 50 – 73) or 
LABC (68, IQR = 54 – 79) than for patients with IBC (58, IQR = 
47 – 70). Black women represented 7.6% (13   198 of 172   940), 
14.7% (535 of 3636), and 12.7% (463 of 3648) of all patients 
with non-T4 breast cancer, LABC, and IBC, respectively. White 
women represented 86.7% (149   985 of 172   940), 79.5% (2892 of 
3636), and 80.7% (2943 of 3648) of all patients with non-T4 
breast cancer, LABC, and IBC, respectively.  

  Stratifi ed by race, age-adjusted IBC incidence rates (per 
100   000 woman-years) were higher in black (3.1) than in white 
(2.2) women ( Table 2 ). Black women were at greater risk than 
white women of being diagnosed with either LABC (RR = 1.8, 

    Table 2.       Breast cancer incidence rates by patient demographics, tumor characteristics, and hormone receptor status *    

       Breast cancer subgroup                  

       Non-T4 (T1 – 3)  †           LABC  ‡           Total IBC §       

   Characteristic     N    Rate   RR (95% CI)    N    Rate   RR (95% CI)    N    Rate   RR (95% CI)    

  Age group, y                             
     <50   40   665   35.5   1.0 (referent)   641   0.6   1.0 (referent)   1139   1.0   1.0 (referent)  
     50 – 59   34   825   221.2   6.2 (6.1 to 6.3)   579   3.7   6.6 (5.9 to 7.4)   820   5.2   5.3 (4.8 to 5.8)  
     60 – 69   39   777   315.7   8.9 (8.8 to 9.0)   747   5.9   10.7 (9.6 to 11.9)   738   5.9   5.9 (5.4 to 6.5)  
     70 – 79   38   290   379.3   10.7 (10.5 to 10.8)   824   8.2   14.7 (13.3 to 16.3)   613   6.1   6.1 (5.6 to 6.8)  
     80+   19   383   312.8   8.8 (8.7 to 9.0)   845   13.5   24.3 (21.9 to 26.9)   338   5.4   5.5 (4.9 to 6.2)  
  Race                             
     White   149   985   111.3   1.0 (referent)   2892   2.1   1.0 (referent)   2943   2.2   1.0 (referent)  
     Black   13   198   89.4   0.80 (0.79 to 0.82)   535   3.8   1.8 (1.7 to 2.0)   463   3.1   1.4 (1.3 to 1.5)  
     Other   9241   65.3      201   1.5      239   1.7     
  Tumor size                             
      ≤ 2.0 cm   112   805   69.1   1.0 (referent)   467   0.3   1.0 (referent)   112   0.1   1.0 (referent)  
     >2.0 cm   50   849   31.2   0.45 (0.44 to 0.46)   2550   1.5   5.4 (4.9 to 6.0)   588   0.4   5.1 (4.2 to 6.4)  
     Unknown   9286   5.7      619   0.4      2948   1.8     
  Nuclear grade                             
     Low   75   943   46.5   1.0 (referent)   996   0.6   1.0 (referent)   626   0.4   1.0 (referent)  
     High   49   809   30.8   0.66 (0.65 to 0.67)   1604   1.0   1.6 (1.5 to 1.8)   1939   1.2   3.1 (2.8 to 3.4)  
     Unknown   47   188   28.8      1036   0.6      1083   0.7     
  Lymph node status                             
     Negative   115   381   70.7   1.0 (referent)   822   0.5   1.0 (referent)   400   0.3   1.0 (referent)  
     Positive   45   485   28.3   0.399 (0.396 to 0.404)   1991   1.2   2.5 (2.3 to 2.7)   1917   1.2   4.7 (4.2 to 5.3)  
     Unknown   12   074   7.1      823   0.5      1331   0.8     
  ER status                             
     Positive   93   408   57.2   1.0 (referent)   1581   0.9   1.0 (referent)   1264   0.8   1.0 (referent)  
     Negative   27   404   17.1   0.299 (0.295 to 0.303)   713   0.4   0.46 (0.43 to 0.51)   1065   0.7   0.86 (0.79 to 0.93)  
     Unknown   52   128   31.8      1342   0.8      1319   0.8     
  PgR status                             
     Positive   79   549   48.8   1.0 (referent)   1292   0.8   1.0 (referent)   1042   0.6   1.0 (referent)  
     Negative   38   072   23.5   0.481 (0.475 to 0.487)   965   0.6   0.76 (0.70 to 0.83)   1239   0.8   1.2 (1.1 to 1.3)  
      Unknown   55   319   33.7      1379   0.8      1367   0.8       

   *  RR = rate ratio; CI = confi dence interval; LABC = non-infl ammatory locally advanced breast cancer; IBC = infl ammatory breast cancer; ER = estrogen receptor; 
PgR = progesterone receptor. Rates refer to age-adjusted incidence rates and are expressed per 100   000 woman-years. 

    †   A total of 172   940 women had non-T4 breast cancer, for a rate of 106.1; the median age was 63 (interquartile range [IQR] = 50 – 73). 
    ‡   A total of 3636 women had LABC, for a rate of 2.2; the median age was 68 (IQR = 54 – 79). 
   §  A total of 3648 women had IBC, for a rate of 2.3; the median age was 58 (IQR = 47 – 70).   
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95% CI = 1.7 to 2.0) or IBC (RR = 1.4, 95% CI = 1.3 to 1.5). 
However, their risk of non-T4 breast cancer (RR = 0.80, 95% 
CI = 0.79 to 0.82) was lower than that of white women.  

  Differences in tumor characteristics by breast cancer subtype 
were also evaluated ( Table 2 ). Women diagnosed with LABC 
(RR = 5.4, 95% CI = 4.9 to 6.0) or IBC (RR = 5.1, 95% CI = 4.2 
to 6.4) were more likely to present with larger tumors (>2.0 cm) 
at diagnosis than with smaller tumors ( ≤ 2.0 cm). In contrast, 
women diagnosed with non-T4 breast cancer were more likely to 
present with smaller tumors than with larger tumors (RR = 0.45, 
95% CI = 0.44 to 0.46). High nuclear grade tumors were also 
more commonly observed than low nuclear grade tumors in 
women with LABC (RR = 1.6, 95% CI = 1.5 to 1.8) or IBC 
(RR = 3.1, 95% CI = 2.8 to 3.4), but not in women with non-T4 
breast cancer (RR = 0.66, 95% CI = 0.65 to 0.67). Moreover, 
positive lymph node involvement was more common in LABC 
(RR = 2.5, 95% CI = 2.3 to 2.7) and IBC (RR = 4.7, 95% CI = 4.2 
to 5.3) cases but was less common in non-T4 breast cancer cases 
(RR = 0.399, 95% CI = 0.396 to 0.404). In  Table 3 , the same 
patient and tumor characteristics were evaluated by IBC subtypes 
(ClinPath, PathOnly, and ClinOnly IBC). The patterns of associ-
ation within each of these IBC subtypes were similar to those 
observed with total IBC.  

  The age-adjusted incidence rates of IBC increased from the 
3-year interval 1988 – 1990 through the 3-year interval 1997 –
 1999 ( Table 4 ) (2.0 to 2.5,  P   trend  <.001). This statistically signifi -
cant temporal increase was limited to white patients (2.0 to 2.5, 
 P   trend  <.001). In contrast to the increase in IBC incidence rates, 
overall incidence rates declined for LABC (2.5 to 2.0,  P   trend   = 
.0025) and non-T4 breast cancer (107.7 to 100.5,  P   trend   = .0084) 
over the same 3-year intervals.  

  Age density histograms of non-T4 breast cancer ( Fig. 1, A ), 
LABC ( Fig. 1, B ), and IBC ( Fig. 1, C ) all revealed a bimodal 
pattern for age at diagnosis. The predominant age peaks for diag-
nosis of non-T4 breast cancer and LABC were at older ages, with 
prominent points of infl ection at 69 and 74 years of age, respec-
tively. In contrast, IBC exhibited an earlier prominent infl ection 
point at 50 years of age ( Fig. 1, C ). When IBC patients were strat-
ifi ed by race and ER status, black IBC patients with ER-negative 
tumors ( Fig. 2, A ) exhibited a statistically signifi cantly younger 
age at diagnosis than white patients diagnosed with ER-negative 
tumors (KS = 0.15,  P  = .01). However, there was no difference in 
age at diagnosis in IBC patients with ER-positive tumors by race 
(KS = 0.06,  P  = .83).      

  Age-specifi c incidence rate curves were created for each breast 
cancer subgroup. As  Fig. 3 , A shows, substantial  differences 

    Table 3.       Incidence rates of infl ammatory breast cancer (IBC) subtypes by patient demographics, tumor characteristics, and hormone receptor status *    

       IBC Subtype  †                    

  Patient or tumor     ClinPath IBC  ‡           PathOnly IBC §          ClinOnly IBC  ||        

   characteristic     N    Rate   RR (95% CI)    N    Rate   RR (95% CI)    N    Rate   RR (95% CI)    

  Age group                             
     <50   555   0.5   1.0 (referent)   54   0.0   1.0 (referent)   530   0.5   1.0 (referent)  
     50 – 59   383   2.4   5.1 (4.4 to 5.8)   38   0.2   5.1 (3.4 to 7.6)   399   2.5   5.5 (4.8 to 6.3)  
     60 – 69   281   2.2   4.7 (4.0 to 5.4)   24   0.2   4.0 (2.5 to 6.5)   433   3.4   7.5 (6.6 to 8.5)  
     70 – 79   237   2.3   4.9 (4.2 to 5.7)   32   0.3   6.7 (4.4 to 10.3)   344   3.4   7.4 (6.4 to 8.5)  
     80+   122   2.0   4.1 (3.3 to 5.0)   12   0.2   4.1 (2.2 to 7.5)   204   3.3   7.1 (6.0 to 8.3)  
  Race                             
     White   1299   1.0   1.0 (referent)   125   0.1   1.0 (referent)   1519   1.1   1.0 (referent)  
     Black   196   1.3   1.3 (1.1 to 1.5)   23   0.1   1.5 (1.0 to 2.4)   244   1.7   1.5 (1.3 to 1.7)  
     Other   82   0.6      11   0.1      146   1.0     
  Tumor size                             
      ≤ 2.0 cm   18   0.0   1.0 (referent)   16   0.01   1.0 (referent)   78   0.05   1.0 (referent)  
     >2.0 cm   146   0.1   8.1 (4.6 to 14.1)   66   0.04   4.1 (2.2 to 7.7)   376   0.2   4.7 (3.6 to 6.1)  
     Unknown   1414   0.9      78   0.05      1456   0.9     
  Tumor grade                             
     Low   254   0.2   1.0 (referent)   20   0.01   1.0 (referent)   352   0.2   1.0 (referent)  
     High   836   0.5   3.3 (2.9 to 3.8)   71   0.04   3.4 (2.0 to 5.6)   1032   0.6   3.0 (2.6 to 3.4)  
     Unknown   488   0.3      69   0.04      526   0.3     
  Lymph node status                             
     Negative   151   0.1   1.0 (referent)   21   0.01   1.0 (referent)   228   0.1   1.0 (referent)  
     Positive   815   0.5   5.3 (4.5 to 6.4)   64   0.04   3.1 (1.8 to 5.1)   1038   0.6   4.5 (3.9 to 5.2)  
     Unknown   612   0.4      75   0.05      644   0.4     
  ER status                             
     Positive   522   0.3   1.0 (referent)   38   0.02   1.0 (referent)   704   0.4   1.0 (referent)  
     Negative   516   0.3   1.0 (0.9 to 1.1)   35   0.02   1.0 (0.6 to 1.6)   514   0.3   0.75 (0.67 to 0.83)  
     Unknown   540   0.3      87   0.05      692   0.4     
  PgR status                             
     Positive   450   0.3   1.0 (referent)   31   0.02   1.0 (referent)   561   0.3   1.0 (referent)  
     Negative   564   0.4   1.3 (1.1 to 1.4)   41   0.03   1.4 (0.9 to 2.1)   634   0.4   1.2 (1.0 to 1.3)  
      Unknown   564   0.4      88   0.05      715   0.4       

   *  RR = rate ratio; CI = confi dence interval; ER = estrogen receptor; PgR = progesterone receptor. Rates refer to age-adjusted incidence rates and are expressed per 
100   000 woman-years. 

    †   ClinPath IBC refers to cases with both clinical and pathologic features of IBC ([EOD-E 70 and/or EOD-S 998] and ICD-O-2 8530/3); PathOnly IBC refers to cases 
with pathologic features of IBC (ICD-O-2 8530/3); ClinOnly IBC refers to cases with clinical features of IBC (EOD-E 70 and/or EOD-S 998). 

    ‡   A total of 1578 women had ClinPath IBC, for a rate of 1.0. The median age was 55 (interquartile range [IQR] = 46 – 68). 
   §  A total of 160 women had PathOnly IBC, for a rate of 0.1. The median age was 58 (IQR = 47 – 71). 
    ||   A total of 1910 women had ClinOnly IBC, for a rate of 1.2. The median age was 60 (IQR = 49 – 71).   



970 ARTICLES Journal of the National Cancer Institute, Vol. 97, No. 13, July 6, 2005

in the age-specifi c rates were evident among patients older 
than 50 years of age, with the rates of IBC, as defi ned by codes 
EOD-E 70, EOD-S 998, and ICD-O-2 8530/3, leveling off 
whereas those for LABC continued to rise. When IBC was  defi ned 
as a single entity, the age-specifi c incidence rates for total IBC 
rose until 50 years of age and then remained constant ( Fig. 3, B ). 
By contrast, the age-specifi c incidence rates of non-T4 breast 
 cancer and LABC continued to rise in women older than 50 years 
of age ( Fig. 3, B ). This distinct age-specifi c incidence rate pattern 
for IBC was observed regardless of whether IBC was defi ned on 
the basis of clinical (ClinOnly IBC), pathologic (PathOnly IBC), 
or clinical and pathologic (ClinPath IBC) criteria ( Fig. 3, C ).    

  Age-specifi c incidence rates of each breast cancer subtype 
were also stratifi ed by ER status and race. The incidence rates of 
ER-positive and -negative tumors among patients with non-T4 
breast cancer diverged in women older than 50 years of age, with 
the incidence rates of ER-positive tumors exceeding those of  
ER-negative tumors in both black and white women ( Fig. 4, A ). 
The age-specifi c incidence rates of LABC in black women were 
greater than those in white women diagnosed before 50 years of 
age, regardless of ER receptor status. Among women diagnosed 
at 50 years of age or older, the incidence rates of ER-positive 
LABC were higher than those of ER-negative LABC ( Fig.4, B ). 
Among IBC patients diagnosed before 50 years of age, the age-
specifi c incidence rates of ER-negative tumors were slightly 
higher than those of ER-positive tumors ( Fig. 4, C ). In IBC 

 patients who were 50 years of age or older, rates of ER-positive 
tumors were higher than those of ER-negative tumors in both 
black and white women ( Fig. 4, C ).    

  The age-specifi c incidence rates of ER-positive non-T4 
breast cancer were consistently higher among white women 
than among black women of all ages ( Fig. 4, A ). In contrast, the 
age-specifi c incidence rates of ER-negative non-T4 breast 
 cancer were consistently higher among black women at all 
ages ( Fig. 4, A ). For both LABC ( Fig. 4, B ) and IBC ( Fig. 4, C ) 
 subtypes, the age-specifi c incidence rates of ER-positive 
and -negative tumors were consistently higher among black 
 patients than among white  patients diagnosed at 50 years of 
age or older.  

  Of all microscopically confi rmed malignancies of the breast 
diagnosed in the SEER 9 Registries database between 1988 and 
2000, IBC comprised 7.0% (1936 of 27   747) of all breast  cancer –
 specifi c mortality. Kaplan – Meier plots ( Fig. 5 ) show that breast 
cancer – specifi c survival was statistically signifi cantly poorer in 
patients with IBC than in patients with LABC or non-T4 breast 
cancer (log-rank test,  P <.001). The median survival times of 
women with non-T4 breast cancer (greater than 10 years), LABC 
(6.4 years), and IBC (2.9 years) were also statistically signifi -
cantly different ( P <.0001) ( Fig. 5, A ). When actuarial breast 
 cancer – specifi c survival among the IBC subtypes was compared 
( Fig. 5, B ), patients with pathologically defi ned IBC (PathOnly 
IBC) had statistically signifi cantly shorter survival than patients 

    Table 4.       Age-adjusted incidence rates and 95% confi dence intervals of each breast cancer subtype (also stratifi ed by race, in the case of IBC) by 3-year interval *    

    3-y interval   Non-T4   LABC   IBC   IBC in whites   IBC in blacks    

  1988 – 1990   107.7 (106.6 to 108.8)   2.5 (2.4 to 2.7)   2.0 (1.8 to 2.2)   2.0 (1.8 to 2.2)   2.6 (2.1 to 3.3)  
  1991 – 1993   111.8 (110.7 to 112.9)   2.1 (1.9 to 2.2)   2.3 (2.1 to 2.4)   2.2 (2.1 to 2.4)   3.5 (2.8 to 4.2)  
  1994 – 1996   112.9 (111.9 to 114.0)   2.1 (1.9 to 2.2)   2.4 (2.2 to 2.5)   2.4 (2.2 to 2.5)   3.0 (2.4 to 3.6)  
  1997 – 1999   100.5 (99.5 to 101.4)   2.0 (1.9 to 2.2)   2.5 (2.3 to 2.6)   2.5 (2.3 to 2.7)   3.1 (2.5 to 3.7)  
   Chi-square test of trend    P  = .0084    P  = .0025    P <.0001    P <.0001    P  = .3153    

   *  LABC = locally advanced breast cancer; IBC = infl ammatory breast cancer. Age-adjusted incidence rates are expressed per 100   000 woman-years.   

      Fig. 1.     Age density histograms showing the age distri-
butions of patients with different breast cancer subtypes. 
 A ) Non-T4 breast cancer;  B ) non-infl ammatory locally 
advanced breast cancer (LABC); and  C ) infl ammatory 
breast cancer (IBC). Data are from the Surveillance, 
Epidemiology, and End Results (SEER) 9 Registries, 
1988 – 2000.      
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with IBC defi ned by clinical features only (ClinOnly IBC) or by 
both clinical and pathologic features (ClinPath IBC) (log-rank 
test,  P <.001). However, the median survival time of patients with 
PathOnly IBC (2.3 years) was not statistically different from 
that of patients with ClinOnly IBC (3.0 years) or ClinPath IBC 
(2.9 years) ( P  = .058).    

  Breast cancer – specifi c survival among IBC patients improved 
throughout the 1990s; however, the median survival time in black 
women with IBC was only 2.0 years compared with 3.0 years 
among white women (log-rank test,  P <.001). Breast  cancer –
  specifi c survival was also statistically signifi cantly poorer among 
black women with LABC (median of 3.1 years) than among 
white  patients with LABC (median of 7.5 years) (log-rank test, 
 P <.001).  

  When IBC patients were stratifi ed by ER status for analysis of 
breast cancer – specifi c survival, IBC patients with ER-negative 
tumors had poorer survival than those with ER-positive tumors 
(log-rank test,  P <.001). ER-negative patients had a median sur-
vival of 2.0 years, compared with 4.0 years for ER-positive 
 patients ( P <.0001).  

    D ISCUSSION   

  IBC appears to be a relatively rare form of breast cancer; 
 however, the varying case defi nitions used to classify IBC have 
limited our understanding of this disease. Here, we report the 
population-based incidence rate of IBC and describe patient 
 demographics and tumor characteristics that are associated with 

      Fig. 2.     Age density histograms showing the age distributions 
of IBC patients with different estrogen receptor (ER) status. 
 A ) ER-negative status.  B ) ER-positive status. The  solid line  
represents the age distribution in black women and the  dotted 
line  represents the age distribution in white women. Data are 
from the Surveillance, Epidemiology, and End Results (SEER) 
9 Registries, 1988 – 2000. K.S. = Kolmogorov − Smirnov.      

      Fig. 3.     Age-specifi c incidence rates of breast cancer 
per 100   000 woman-years. Breast cancer cases 
grouped:  A ) using the Surveillance, Epidemiology, 
and End Results (SEER) coding conventions for 
noninfl ammatory locally advanced breast cancer 
(LABC) and infl ammatory breast cancer (IBC); 
 B ) by three malignant breast cancer subtypes;  C ) by 
IBC defi nition. Data are from SEER 9 Registries, 
1988 – 2000.      
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IBC using data from the National Cancer Institute’s SEER 9 
 Registries. We used codes available in SEER to develop a com-
prehensive clinical and/or pathologic defi nition for IBC that was 
consistent with the AJCC defi nition  ( 5 ) . The extent of disease 
code for tumor extension (EOD-E 70) and a novel code for tumor 
size (EOD-S 998) were used to defi ne the clinical features of 
IBC. The ICD-O-2 morphology code 8530/3 (i.e., embolization 
of the dermal lymphatic vessels) was used to defi ne IBC based 
on pathologic criteria  ( 14 ) . The most recent population-based 
analyses of IBC have used either ICD-O-2 8530/3  ( 9  –  11 )  or 
EOD-E 70  ( 4 )  to defi ne IBC, but none of these studies used the 
combination of clinical (EOD-E 70 or EOD-S 998) and patho-
logic (ICD-O-2 8530/3) coding conventions to construct the IBC 
case defi nition. Thus, our study adds additional information to 

the literature beyond that previously reported by 1) constructing a 
novel and comprehensive  SEER-based case defi nition for IBC, 2) 
 establishing the age-adjusted incidence for total IBC in the U.S. 
population, and 3) examining temporal trends in IBC incidence 
and survival between 1988 and 2000.  

  The age distribution of IBC patients (rates and frequency) 
revealed a pattern of early age at diagnosis that was consistent 
with what has been seen in previous studies  ( 4 , 7 , 9 , 26 , 27 ) . In a 
recent study, the age-specifi c incidence rate pattern for IBC 
was similar to that for medullary breast carcinoma but differ-
ent than that for other histopathologic subtypes  ( 10 ) . Further 
research is required to determine whether genetic predisposi-
tion and/or early life exposures account for this peculiar age 
distribution. Our fi ndings also showed an earlier age at IBC 

      Fig. 5.     Kaplan – Meier curves showing relative breast cancer-
specifi c survival curves. Median survival time (m.s.t.) is 
expressed in years for each group.  A ) Breast cancer subtype. 
 B ) Infl ammatory breast cancer (IBC) defi nition. Data are from 
the Surveillance, Epidemiology, and End Results (SEER) 9 
Registries, 1988 – 2000.      

      Fig. 4.     Age-specifi c incidence rates of breast cancer per 
100   000 woman-years stratifi ed by estrogen receptor 
(ER) status and race.  A ) Non-T4 breast cancer. 
 B ) Noninfl ammatory locally advanced breast cancer 
(LABC).  C ) Infl ammatory breast cancer (IBC). Data 
are from the Surveillance, Epidemiology, and End 
Results (SEER) 9 Registries, 1988 – 2000.      
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diagnosis in black women, suggesting that substantial racial 
disparities exist in IBC patients relative to non-T4 breast can-
cer patients.  

  Total IBC comprised 2.0% of all incident breast cancer cases, 
similar to the lower end of earlier estimates  ( 1  –  3 , 6 , 26 , 28 , 29  ) but 
higher than recent population-based studies of IBC  ( 4 , 9  –  11 ) . 
A large number of cases were defi ned by clinical features of IBC 
without pathologic confi rmation of dermal lymphatic invasion 
(ClinOnly IBC;  n  = 1910), suggesting that studies lacking a clin-
ically defi ned IBC case defi nition may underestimate the true 
incidence of this disease.  

  In the 3-year intervals between 1988 and 1990 and 1997 and 
1999, the age-adjusted incidence rate of IBC rose by 25%. This 
increase in IBC incidence was statistically signifi cant only in 
white women, and the results suggest that IBC incidence rates in 
white women may be catching up to those in black women. By 
contrast, Chang et al.  ( 9 )  reported that the incidence of IBC dou-
bled in both blacks and whites between 1975 and 1977 and 1990 
and 1992, with the rates of IBC in white patients lagging behind 
those in black patients.  

  Possible explanations for the increase in IBC incidence that 
we observed may be heightened clinical awareness and earlier 
detection with screening mammography. The period of our study 
indeed coincides with a rise in mammography use  ( 30 , 31 ) . How-
ever, earlier detection over time with screening mammography is 
generally associated with a fall in the rate of late-stage disease 
 ( 32 ) , as seen for LABC but not IBC in this study. IBC may be 
diffi cult to detect by mammography for several reasons. First, 
studies examining the mammographic patterns of infl ammatory 
changes associated with IBC commonly show skin thickening, 
stromal coarsening, and diffusely increased breast density, 
whereas an associated mass and/or malignant-type calcifi cation, 
although common in patients with IBC, may be absent on mam-
mography owing to diffusely increased breast density  ( 33  –  36 ) . 
Second, IBC by its clinicopathologic defi nition is a diffuse tumor 
 ( 3 , 5 ) . Thus, the utility of mammographic screening in the early 
detection and diagnosis of IBC may be limited because of the 
combination of a diffuse tumor obscured by increased breast 
 density brought on by infl ammation.  

  Another possible explanation for the increased incidence of 
IBC is changing patterns of risk factor exposure. There is some 
evidence that reproductive hormone exposure plays a role in the 
etiology of IBC  ( 37 , 38 ) . Although the differences did not reach 
statistical signifi cance, Chang et al.  ( 38 )  reported that IBC  patients 
were younger at menarche and at the time of their fi rst live birth 
and that a higher proportion of IBC patients were premenopausal 
than their non-IBC counterparts. In a subsequent study by Chang 
et al.  ( 39 ) , premenopausal IBC patients were shown to have 
 sta tistically signifi cantly worse survival than postmenopausal 
IBC  patients. In our study, we found, as have others  ( 3 , 10 ) , that 
the age-specifi c incidence rates of IBC rose rapidly until 50 years 
of age and then stabilized. We observed this pattern for IBC 
 incidence irrespective of race or ER status. These data support 
the fi ndings of Chang et al.  ( 38 , 39 ) , suggesting that premeno-
pausal events such as the premenopausal hormonal milieu may  
be  important factors in the initiation and progression of IBC.  

  We observed a modest trend for improvement in IBC sur   -
vival in this study; however, the median survival time of IBC 
patients improved by only 8.4 months between 1988 and 1990 
and 1997 and 1999. A statistically signifi cant improvement in 
IBC  survival after the 1988 – 1990 interval coincided with the 

more common use of anthracycline-based neoadjuvant therapy 
and the introduction of paclitaxel-based regimens in the clinical 
management of IBC in the 1990s  ( 40 ) . Although we were unable 
to directly examine how changes in therapy for IBC affected 
 survival,  distinct tumor features, unique age distributions, and 
different survival outcomes for IBC and LABC suggest that 
 future clinical trials should use a case defi nition for IBC that 
more effectively excludes LABC. Moreover, our survival analy-
sis supports the conclusions of Somlo et al.  ( 41 ) , who argued for 
the need to develop standard staging criterion for treatment plan-
ning in which  individuals at higher risk of developing more 
 aggressive IBC subtypes receive more aggressive neoadjuvant 
and adjuvant  chemotherapy.  

  Studies of breast cancer survival outcomes in equal-access 
health care systems demonstrate that African-American race/ 
ethnicity is an independent predictor of elevated risk for breast 
cancer mortality  ( 42 , 43 ) . These fi ndings are consistent with our 
fi nding that among black women breast cancer mortality was 
higher in IBC patients than in patients with either LABC or 
non-T4 disease. It is interesting to note that the 5-year relative 
risk of death in black women diagnosed with breast cancer and 
treated in the U.S. Department of Defense health care system 
was 25%, whereas that for black women diagnosed in the SEER 
Registries database was 34%  ( 42 ) . These fi ndings suggest that 
equal access to health care such as that provided in the U.S. 
Department of Defense health care system improves breast can-
cer mortality among black women but does not fully account 
for racial disparities in survival outcome between black and 
white women.  

  Race and socioeconomic status have been reported to be 
 independent predictors of advanced stage at diagnosis in breast 
cancer  ( 44 , 45 ) . Race is also a statistically signifi cant predictor 
of tumor aggressiveness as measured by histologic grade within 
each stage of breast cancer  ( 46 ) . Although black and white 
women have equivalent response rates to local and systemic 
breast cancer therapy, higher rates of locoregional recurrence in 
black patients suggest the presence of a biologic determinant for 
more aggressive breast cancer  ( 43 ) . The early age at diagnosis, 
age-specifi c incidence rate patterns, and poor survival outcomes 
described for IBC patients in this study are consistent with the 
effects of both race/ethnicity and biologic determinants of 
 aggressive breast  cancer.  

  The strength of this study is its large-scale population-based 
design. The potential limitations of this study include 1) a lack of 
histopathologic slide review, 2) missing or incomplete data, 
3) nonstandardized measurement of hormone receptor expres-
sion, and 4) lack of data for menstrual status, reproductive risk 
factors, method of detection, and treatment. Although SEER does 
not provide information about reproductive risk factors, it does 
provide information on the most important risk factor for female 
breast cancer, which is age at diagnosis. Therefore, we used 50 
years of age as a surrogate for menopausal status  ( 15 ) . Without 
information about the method of detection, it is not possible for 
us to distinguish between the impact of heightened clinical 
awareness and screening mammography on the temporal trends 
in IBC  incidence. Treatment records were unavailable; however, 
the standard tumor characteristics described in this study are 
 benefi cial in predicting prognosis irrespective of treatment  ( 47 ) .  

  Biomarkers for early detection and targeted therapies based 
on an understanding of the molecular determinants of IBC might 
improve the clinical management of this disease and improve 
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survival among patients. The understanding of the molecular 
 determinants of IBC is poised for advancement, with the efforts 
of several laboratories to develop microarray-based genomic 
profi les to defi ne the molecular signature of IBC  ( 48 , 49 ) . A gene 
expression profi le that is characteristic of IBC may help resolve 
the debate over how to appropriately defi ne IBC  ( 7 , 8 , 50 ) . Com-
paring the gene expression profi les of IBC patients stratifi ed by 
menopausal status, race, and hormone receptor status should 
 facilitate our understanding of the etiology of this disease and 
may help to identify IBC subtypes that may possess common 
therapeutic responses and clinical outcomes. With further char-
acterization of the molecular profi le and etiology of IBC, we 
may eventually determine why IBC incidence continues to rise 
and why the IBC phenotype is so aggressive and resistant to 
 current treatment modalities.  
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